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(57) An olefin polymerization catalyst is provided 
which makes use of a modified methylaluminoxane and 
thus stably exhibits an activity equivalent to. or higher 
than, the activity achieved by polymethylaluminoxane. 
Specifically, the olefin polymerization catalyst is in the 
form of a modified methylaluminoxane preparation pre- 
pared from: an organoaluminum compound represent- 
ed by the following general formula (I): 



(I) 



wherein represents a straight-chained or branched 
hydrocarbon group selected from the group consisting 
of alkyi, alkenyl, and aryl groups having 2 to 20 carbon 
atoms; X represents a hydrogen atom, halogen atom, 
alkoxy group, or allyloxy group; and 0 < m < 3; and trt- 
methyl aluminum, wherein the mole fraction of methyl 
group of the aluminoxane unit with respect to the total 
number of moles of the hydrocarbon group having 2 to 
20 carbon atoms and methyl group present in the mod- 
ified methylaluminoxane preparation is 65mol% or 
greater. 
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Description 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] The present invention relates to a catalyst for olefin polymerization that makes use of a novel modified meth- 
ylaluminoxane preparation and to a method for producing such a modified methylaluminoxane preparation for use as 
the olefin polymerization catalyst, as well as to a method for carrying out olefin polymerization involving the use of the 
10 novel methylaluminoxane preparation as a polymerization catalyst component. 

2. Description of the Related Art 

[0002] The following patent publications and articles are incorporated herein by reference in their entirety: Japanese 
15 Patent Laid-Open Publications No. Sho 58-19309; Sho 60-35005; Sho 62-234009; Sho 63-234009; Sho 64-66214; 
Hei 1-207355; 2000-119278; 2000-119279; 2000-119280; Sho 60-260602; Sho 63-89506; Sho 63-178108; Hei 
1-315407; Hei 2-22308; Sho 60-35006; Sho 60-35007; Sho 60-35008; Sho 61-108610 and Sho 61-296008; Macro- 
molecules , 32, 9078 (1999); Journal of American Chemical Society (J. Am. Chem. Soc.) 118, 11664 (1996); and Or- 
ganometallics 18, 65. (1999). 

?o [0003] Aluminoxanes are condensation products generally prepared by partial hydrolysis of organoaluminum com- 
pounds and are known as a useful co-catalyst for the production of olefin polymers that can efficiently activate a tran- 
sitional metal compound, a primary catalyst of the reaction. It is widely known that polymethylalumtnoxane, which is 
made by using trimethyl aluminum as the organoaluminum material, is a particularly effective co-catalyst. Examples 
of these compounds are described in, for example, Japanese Patent Laid-Open Publications No. Sho 58-19309; Sho 

25 60-35005; Sho 62-234009; Sho 63-234009; Sho 64-66214; and Hei 1-207355. 

[0004] Modified aluminoxanes having two or more different types of alkyi groups have also been proposed: One type 
of modified aluminoxane disclosed in Japanese Patent Laid-Open Publications No. 2000-119278. 2000-119279 and 
2000-1 1 9280 Is produced by first mixing trimethyl aluminum with tetraalkyldialuminoxane that has alkyls with 2 or more 
carbon atoms and subsequently carrying out hydrolysis. The modified methylaluminoxanes synthesized using these 

30 techniques are soluble not only in aromatic hydrocarbon solvents but also In aliphatic hydrocarbon solvents and are, 
therefore, widely used in the production of olefin polymers for use in food products, for which use of aromatic solvents 
is restricted. Also, these modified methylaluminoxanes are highly stable while in storage. In addition, these compounds 
are synthesized through a mild reaction that can be readily controlled. However, the modified methylaluminoxanes 
made by the above-described techniques exhibit a lower activity than polymethylamtnoxane and thus need to be im- 

35 proved. 

[0005] Different techniques for solubilizing polymethylaluminoxane In aliphatic hydrocarbon solvents have been pro- 
posed in, for example, Japanese Patent Laid-Open Publications No. Sho 60-260602, Sho 63-89506, Sho 63-178108, 
Hei 1-315407, and Hei 2-22308. In a typical approach, polymethylaluminoxane produced in an aromatic hydrocarbon 
solvent Is exposed to an alkylaluminum other than trimethylalumlnum so as to increase the solubility of polymethyla- 
'0 luminoxane in the solvent. In this technique, however, when it is desired to replace the aromatic hydrocarbon solvent 
with an aliphatic hydrocarbon solvent, the aromatic hydrocarbon solvent is removed by taking advantage of its relatively 
high boiling point in the distillation under reduced pressure or other proper processes. In practice,_as much as several 
percent by weight of the aromatic hydrocarbon solvent inevitably remains after the solvent replacement. Though ef- 
fective In some cases at laboratory level, such a solvent replacement process is highly Impractical for use in Industrial 
45 applications. 

[0006] A particular type of solid catalyst that is provided in the fomi of silica, alumina, magnesium chloride and other 
solid carriers carrying a transitional metal compound along with an aluminoxane has been in use. Several methods 
have been proposed concerning the use of such a solid catalyst component In the suspension polymerization or the 
gas phase polymerization. Examples of such methods are disclosed in, for example, Japanese Patent Laid-Open 

50 Publications No. Sho 60-260602, Sho 63-89506, Sho 63-178108, Hei 1-315407. and Hei 2-22308. 

[0007] In most of the known examples mentioned above, polymethylaluminoxane is used as the aluminoxane in 
preparing the solid catalyst. Since trimethyl aluminum, the principal material of polymethylaluminoxane, is significantly 
more reactive than the other members of organoaluminum compound, it is difficult to control partial hydrolysis, and the 
insoluble, aluminum hydroxide-like inorganic aluminum compound resulting from the local hydrolysis can lead to a 

55 decrease in the yield as measured on the basis of aluminum atom. In addition, polymethylaluminoxane tends to become 
less soluble in the solvent as it undergoes association process. As a result, insoluble product is often fomried, affecting 
the stability of polymethylaluminoxane during storage. For these reasons, there has been a large demand for the 
development of a novel modified methylaluminoxane that maximizes the yield as measured on the basis of aluminum 
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atom while providing improved storage stability. 

[0008] Since previously known modified methylaluminoxanes, when used In a catalyst using silica or other carriers, 
could only impart significantly lower activity to the solid catalyst than is achieved by potymethylaluminoxane, they have 
never been actively used in carrier catalysts. The cause of this low activity is believed to be that the amount of the 
5 alkylaluminum compound with alkyi group having 2 or more carbon atoms that was present in the modified methyla- 
luminoxane and/or the amount of the modified methylaluminoxane with alkyI group having 2 or more cartDon atoms 
were not suitable for the preparation of the cannier catalyst. 

[0009] Recently, new catalyst systems for olefin polymerization were found in which a modified methylaluminoxane 
exhibits co-catalyst activity that is equivalent to, or even higher than, that of polymethylaluminoxane. As a result, ap- 
10 plication of modified methylaluminoxanes as co-catalyst for polymerization has attracted much attention. Examples of 
such system are described in Macromolecules , 32, 9078 (1999); Journal of American Chemical Society 1 1 8, 11664 
(1996); and Organometallics 18, 65, (1999). 

SUMMARY OFTKE INVENTION 

15 

[0010] Accordingly, it is an objective of the present invention to provide a novel catalyst for olefin polymerization that 
makes use of a modified methylaluminoxane and thus stably exhibits an activity equivalent to, or higher than, the 
activity achieved by using polymethylaluminoxane. 

[0011] In the search for a way to overcome the above-identified drawbacks of the prior art, the present inventors 
?o have discovered that the foregoing objective of the invention can be attained by using a specific type of modified 
methylaluminoxane obtained through a reaction of two or more different organoaluminum compounds with a conden- 
sation agent, such as water, to serve as an oxygen source. The discovery ultimately led the present inventors to com- 
plete the present invention. 

[0012] Thus, the concept of the present invention is made up of the following aspects: 

25 

(1) an olefin polymerization catalyst in the form of a modified methylaluminoxane preparation prepared from: 
an organoaluminum compound represented by the following general formula (I): 

30 1 

R mAIXa., (I) 

wherein R^ represents a straight-chained or branched hydrocarbon group selected from the group consisting 
of alkyl, alkenyl, and aryl groups having 2 to 20 cartoon atoms; X represents a hydrogen atom, halogen atom, 
35 alkoxy group, or allyloxy group; and 0 < m < 3; and 

trimethyl aluminum, wherein the mole fraction of methyl group of the aluminoxane unit with respect to the total 
number of moles of the hydrocarbon group having 2 to 20 carbon atoms and methyl group present in the 
modified methylaluminoxane preparation is 65moi% or greater. 

'0 (2) The olefin polymerization catalyst as described in (1) above, wherein the mole fraction of the hydrocarbon 

group with 2 to 20 cariDon atoms that belongs to the aluminoxane unit with respect to the total number of moles of 
the hydrocarbon group with 2 to 20 carbon atoms and methyl group present in the modified methylaluminoxane 
preparation is 15mol% or less. 

(3) The olefin polymerization catalyst as described in (1) or (2) above, wherein the organoaluminum compound of 
45 the general fomriula (I) is at least one selected from the group consisting of triisobutylaluminum, tri-n-hexylalumi- 

num, and tri-n-octylaluminum. 

(4) The olefin polymerization catalyst, wherein the modified methylaluminoxane as described in any one of (1) to 
(3) above is used in a solid catalyst serving as the olefin polymerization catalyst, the solid catalyst being formed 
from fine particle carrier, and a transitional metal compound and the modified methylaluminoxane preparation 

50 carried by the fine particle carrier. 

(5) The olefin polymerization catalyst as described In (4) above, wherein the transitional metal compound Is a 
compound represented by the following general fonnula (II): 

55 MR^R^r'^R^ (II) 

wherein M represents a transitional metal element; and R2, R3, r4 and RS together fornn any organic group having 
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a cycloalkadienyl skeleton or are each independently selected from the group consisting of an organic group having 
a cycloalkadienyl skeleton, aikyi group, alkoxy group, aryloxy group, alkylsilyl group, alkylamide group, alkylimide 
group, alkylamino group, alkylimino group, and halogen atom. 

(6) A method for producing the modified methylaluminoxane preparation as described in any one of (1) to (4) 
5 above, comprising the steps of: 

hydrolyzing the organoaluminum compound represented by the following general formula (I): 

W R'mAIX3.„ (I) 

wherein represents a straight-chained or branched hydrocariDon group selected from the group consisting 
of alkyi, alkenyl, and aryl groups having 2 to 20 carbon atoms; X represents a hydrogen atom, halogen atom, 
alkoxy group, or allyloxy group; and 0 < m < 3; 
15 adding trimethyl aluminum to carry out hydrolysis; and repeating the step of adding trimethyl aluminum as 

many times as necessary. 

(7) A method for producing the olefin polymerization catalyst as described in (5) above, comprising the steps of: 

20 exposing the fine particle carrier to the modified methyl aluminoxane preparation; and 

subsequently exposing the fine particle carrier to the transitional metal compound. 

(8) A method for olefin polymerization making use of either a catalyst system comprising the transitional metal 
compound and the modified methylaluminoxane as described In (1) to (3) above or the solid catalyst as described 

25 in (5) above. 

[0013] In summary, the present invention concerns a catalyst component comprising: 

an olefin polymerization catalyst in the form of a modified methylaluminoxane preparation prepared from: 

30 

an organoaluminum compound represented by the following general formula (I): 

R'mAIX3.„, (I) 

35 

wherein represents a straight-chained or branched hydrocarbon group selected from the group consisting 
of alky I, alkenyl, and aryl groups having 2 to 20 carbon atoms; X represents a hydrogen atom, halogen atom, 
alkoxy group, or allyloxy group; and 0 < m ^ 3; and 

trimethyl aluminum, wherein the mole fraction of methyl group of the aluminoxane unit with respect to the total 
number of moles of the hydrocarbon group having 2 to 20 carbon atoms and methyl group present in the 
modified methylaluminoxane preparation Is 65mol% or greater; and 

any transitional metal compound. The present invention also concems an olefin polymerization solid catalyst 
in the form of the catalyst component carried by a solid carrier 

45 BRIEF DESCRIPTION OF THE DRAWING 

[0014] 

Figure is a diagram showing the results of "'H-NMR spectroscopy of a modified methylaluminoxane preparation 
obtained in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 5] The present invention will now be described In detail with reference to some examples, which are not exhaus- 
^5 five but only illustrative. 

[0016] A modified methylaluminoxane In accordance with the present invention is a composition (which herein may 
be referred to as 'modified methylaluminoxane preparation') that contains, in addition to a modified methylaluminoxane 
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of interest, unreacted materials, that is. the organoalumlnum compound of the general fomnula (1 ) and/or trimethyl 
aluminum. 

[001 7] Accordingly, "02.20 hydrocarbon group present In the modified methyl aluminoxane preparation** as described 
in the paragraph (1) above includes both 03,20 hydrocarbon group within the molecules of the modified methylalumi- 
noxane and C2.20 hydrocarbon group within the molecules of the organoalumlnum compound that remains unreacted 
in the modified methyl aluminoxane preparation. Similarly, "methyl group" as described in the paragraph (1) above, 
which accounts for part of the total number of moles, includes both methyl group in the aluminoxane units within the 
molecules of the modified methylaluminoxane and methyl group within the molecules of the trimethyl aluminum that 
remains unreacted in the modified methylaluminoxane preparation. 

[0018] The modified methylaluminoxane in accordance with the present invention is deemed to be a compound 
consisting of unit represented by the following general fomnula (III): 



wherein is the same as defined above; and n and p are each individually an integer from 1 to 60. The modified 
methylaluminoxane of the present invention may have either a chain-like structure or a ring structure, provided that it 
Includes the above units. The two structural units of the modified methylaluminoxane, -(Ri)AIO- and -(Me)AIO-, may 
be joined to one another either in blocks of homopolymers as_ shown by the general fomriula (III), or in a random 
fashion, or in combinations of homopolymer blocks and random sequences. It should be understood that in the 
general formula (ill) does not necessarily indicate a single type of hydrocarbon group but may Indicate a mixture of 
more than one type of the hydrocarbon groups specified above. 

[0019] Specifically, examples of R^ In the general formula (Ml) are alkyl groups such as ethyl, propyl, n-butyl. Isobutyl, 
t-butyl, amyl, isoamyl, n-hexyl, isohexyl, n-octyl, and isooctyl, and aryl groups such as phenyl and tolyl. Of these, n- 
butyl, isobutyl, n-hexyl, n-octyl, and isooctyl are particularly preferred. 

[0020] The organoalumlnum compound for use in the production of the modified methylaluminoxane preparation of 
the present invention can be expressed by the general fomnula (I): 



wherein R^ and m are the sanrie as defined above. 

[0021] Specifically, examples of R^ In the general formula (I) are alkyl groups such as ethyl, propyl, n-butyl, Isobutyl, 
t-butyl, amyl, Isoamyl, n-hexyl, isohexyl, n-octyl, and Isooctyl, and aryl groups such as phenyl and tolyl. Examples of 
X include halogen atoms such as fluorine, chlorine, bromine and Iodine, and alkoxy groups such as methoxy and 
ethoxy, and allyloxy groups such as phenoxy. 

[0022] Specific examples of such an organoalumlnum compound include alkyl aluminum such as trimethyl aluminum, 
tripropyl aluminum, tri-n-butyl aluminum, trilsobutyl aluminum, tri-n-hexyl aluminum and tri-n-octyl aluminum; triaryl 
aluminum such as triphenyt aluminum and tritolyl aluminum; and halogen-containing alkyl aluminum such as dimethyl 
aluminum chloride and diethyl aluminum chloride. These organoalkylaluminums may be used either Individually or In 
combination to obtain desired modified methylaluminoxane preparations. The most preferred organoalumlnum com- 
pounds and combinations thereof in preparing the modified methylaluminoxane preparation are trimethyl aluminum 
and triaikyl aluminum, specifically, trimethyl aluminum and trilsobutyl aluminum, tri-n-hexyl aluminum, or tri-n-octyl 
aluminum and combinations thereof. 

[0023] Oonventional modified methylaluminoxane preparations are generally characterized by the molar ratio of me- 
thyl group to C2.20 hydrocarbon group in the preparations. In general, polymethylaluminoxane made from trimethyl 
aluminum alone exhibits high co-catalyst activity when used as a co-catalyst to help metallocene or other catalysts 
catalyze olefin polymerization, whereas aluminoxane of the general fonnula (I), which is made from an organoalumlnum 
compound other than trimethyl aluminum, exhibits little co-catalyst activity except when it is used in ceriain catalyst 
systems such as chromium complex. For this reason, it can be inferred that a modified methylaluminoxane preparation 
tends to show a higher co-catalyst activity as the molar ratio of methyl group to C2.20 hydrocartDon atoms in the prep- 
aration is increased. However, this rule does not always hold since the modified methyl aluminoxane preparation con- 
tains, in addition to the desired modified methylaluminoxane, unreacted organoalumlnum compound of the general 
fonnula (I) and trimethyl aluminum and the proportion of the unreacted materials tends to vary from time to time. In 
light of this, the present inventors have found that the mole fraction of methyl group of the aluminoxane unit with respect 
to the total number of moles of C2.20 hydrocarbon group and methyl group in the modified methylaluminoxane prepa- 
ration provides a better measure for assessing the co-catalyst activity of the modified methylaluminoxane preparation 



-[(R )AIO]„-[(Me)AlO]p. 
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than the molar ratio of methyl group to C2.20 hydrocarbon group tn the modified methylaluminoxane preparation. 
[0024] Furthermore, the present inventors assessed modified methylaluminoxane preparations prepared under dif- 
ferent conditions using the above-described measure and, at the same time, made a comparison of the co-catalyst 
activity in a homogenous system among different modified methylaluminoxane preparations, as well as of the polym- 

5 erization activity among different solid catalyst components prepared in the fomn of a solid carrier carrying each of the 
modified methylaluminoxanes and a transitional metal catalyst. As a result, it has proven that when the aforementioned 
new measure for assessing the co-catalyst activity of the modified methylaluminoxane preparation has a value of 65 
mol% or higher, the modified methylaluminoxane preparation exhibits a specific activity that is higher than the specific 
activity of any of conventional modified methylaluminoxanes and is equivalent to. or higher than, the specific activity 

10 of polymethylaluminoxane. 

[0025] If the above-described measure for assessing the co-catalyst activity of the modified methylaluminoxane prep- 
aration has a value less than 65 mol%. then the co-catalyst activity of the modified methylaluminoxane preparation 
does not exceed the co-catalyst activity achieved by commercially available modified methylaluminoxanes. 
[0026] In genera!, trimethyl aluminum Itself hardly shows co-catalyst activity when used In the olefin polymerization 

15 in which a metallocene catalyst or the like Is used as the catalyst, as does the organoalumlnum compound of general 
formula (I) having C2.20 hydrocartDon group. The co-catalyst activity In olefin polymerization is assessed with the ratio 
of the number of moles of aluminum in the co-catalyst to the number of moles of the metallocene catalyst adjusted to 
a predetermined value. Thus, a given modified methylaluminoxane preparation Is considered more favorable if It con- 
tains a larger proportion of aluminum belonging to the polymethylaluminoxane component, the component that en- 

20 hances the co-catalyst activity. In other words, less organoalumlnum component Is more favored. Similarly, when the 
modified methylaluminoxane preparation is carried by a carrier, It Is more desirable If the proportion of aluminum be- 
longing to the polymethylaluminoxane component is maximized and, thus, the proportion of the organoalumlnum com- 
ponent is minimized. 

[0027] Also, when it is desired to prepare high-molecular weight polymers, it is preferred that the amounts of these 
25 organoalumlnum compounds be minimized because of their ability as a polymerization chain transfer agent. 

[0028] For these reasons, the present inventors have found that the modified methylaluminoxane as defined In the 
paragraph (1) above can be used either in combination with the transitional metal compound or in the form of a solid 
catalyst to elicit a high activity In olefin polymerization. 

[0029] Also, if the mole fraction of C2.20 hydrocariDon belonging to the alumlnoxane unit with respect to the total 
30 number of moles of methyl group and C2.20 hydrocarbon in the modified methylaluminoxane preparation exceeds 15 

mol%, the modified methylaluminoxane preparation does not exhibit co-catalyst activity as high as that of commercially 

available modified methylaluminoxane. resulting in reduced molecular weights of the polymer products. 

[0030] The modified methylaluminoxane of the present invention can be used with any inert hydrocarison solvent. 

The hydrocarbon includes saturated aliphatic hydrocarbons such as n-pentane, n-hexane, n-heptane, n-octane, iso- 
35 octane, and purified kerosines; cyclic aliphatic hydrocarbons such as cyclopentane, cyclohexane, methylcyclohexane, 

ethylcyclohexane, and cycloheptane; and aromatic hydrocarbons such as benzene, toluene, ethylbenzene, o-xylene, 

m-xylene, and p-xylene. Of these compounds, n-hexane, n-heptane, n-octane, cyclohexane, methylcyclohexane, and 

toluene are particularly preferred. 

[0031] The modified methylaluminoxane preparation of the present invention may be synthesized using any known 
*o technique. One typical technique is as follows: a predetermined amount of the organoalumlnum compound of the 
general formula (I) Is first hydrolyzed, and trimethyl aluminum is subsequently Introduced for further hydrolysis. While 
the modified methylaluminoxane preparation produced in this manner does not require any particular post-reaction 
treatment, solvent and other low boiling point compounds such as residual organoalumlnum compound may be distilled 
out under reduced pressure, if necessary, for the purpose of for example adjusting the concentration of aluminum. 
45 Further, when necessary, the reaction system may be heated at some point during the course of the reaction. 

[0032] Water may be used in hydrolysis in various fomris Including water droplets, water vapor, water contained In 
crystallized inorganic compounds, and water diluted with nitrogen or other inert gases or inert hydrocarbon solvents. 
[0033] The molar ratio of trimethyl aluminum to the organoalumlnum compound of the general formula (I) for use in 
the synthesis of the modified methylaluminoxane preparation may be adjusted to any ratio ranging from 0.5:1 to 30:1 . 
50 Though it depends on the type of the organoalumlnum compound of the general fonnula (1) to serve as a modifier, the 
molar ratio is preferably adjusted to a range of 2:1 to 20:1 . In this manner, modified methylaluminoxane preparation is 
obtained that can provide high yield as measured based on aluminum atom and co-catalyst activity in a well-balanced 
manner. 

[0034] The molar ratio of water to serve as a condensation agent to the organoalumlnum compound of the general 
55 formula (I) Is preferably adjusted to a range of 0.1 :1 to 1 ,5:1 depending on the chain length of hydrocarbon group in 
the organoalumlnum compound of the general formula (I). 

[0035] The reaction is carried out at temperatures of -50 to 50''C and preferably at temperatures of -30 to SO^'C. 
[0036] While the solution of the modified methylaluminoxane preparation resulting after completion of the reaction 
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is preferably kept stirred and aged for a prolonged time while the reaction temperature is maintained, It may also be 
heat-aged at a lower temperature than the boiling point of the reaction solvent. The concentration of the modified 
methylalumlnoxane In the inert hydrocarbon solvent is preferably in the range of 1 to 40% by weight, more preferably 
5 to 25% by weight, and still more preferably 5 to 20% by weight. 

[0037] The modified methylalumlnoxane products generally contain, along with trimethyl aluminum, residual orga- 
noaluminum compound of the general fomriula (I) that has not been hydrolyzed, as is the case with the modified methyl 
aluminoxane preparation of the present invention. When, for example, isobutyl is the hydrocarbon group, the molar 
ratio of methyl group/isobutyl group (written simply as Me/iBu, hereinafter) in the modified methylalumlnoxane prepa- 
ration can be detennined by the quantitative gas chromatography analysis of the components generated upon hydrol- 
ysis of the modified methylaluminoxane preparation. 

[0038] The modified methylaluminoxane preparation in accordance with the present invention Is characterized by 
the respective mole fractions of methyl group belonging to the unreacted trimethyl aluminum and methyl group belong- 
ing to the aluminoxane unit (written as Me(TMAL) and Me(modifled methylaluminoxane), respectively), in conjunction 
with the respective mole fractions of hydrocarbon group with 2 to 20 carbon atoms belonging to the residual organoa- 
luminum compound and hydrocarbon group with 2 or more carbon atoms belonging to the aluminoxane unit (written 
as R(AIR3) and R{modified methylaluminoxane), respectively). 

[0039] The mole fraction of each component in the modified methylaluminoxane can be determined by the ^H-NMR 
analysis of modified methylaluminoxane preparation from the proportions of the areas corresponding to the respective 
components. For example, when trimethyl aluminum (TMAL) and triisobutyl aluminum (TIBAL) are used to serve as 
two different organoaluminum compounds, the mole fractions of Me(modified methylaluminoxane), Me(TMAL), IBu 
(modified methylaluminoxane) and iBu(TIBAL) can be detennined In the following manner: 

First, the modified methylaluminoxane preparation was subjected to iH-NMR analysis using dg-THF as a deuter- 
Ized solvent. iH-NMR analysis was performed at a temperature of 24^0 on a 300MHz Gemini 2000 NMR manu- 
factured by VARIAN TECHNOLOGIES JAPAN Ltd. The results of ^H-NMR spectroscopy is shown in Fig. 1 . 

(i) The total area under the peaks indicating methylene groups and Me groups of the modified methylaluml- 
noxane that appear In the range from about 0.5ppm to about -1 ppm is determined by Integration and Is referred 
to as l(modified methylaluminoxane). 

(11) The area under the peaks that appear near Oppm and indicate methylene group of TIBAL and above the 
tangential line A is detennined by integration and is referred to as l(TIBAL-iBu). Similarly, the area under the 
tangential line A con-espondlng to methylene group of the modified methylaluminoxane is determined by in- 
tegration and is referred to as l(modifled methylalumlnoxane-iBu). 

(ill) As in (ii) above, the area under the peaks that appear near -O.Bppm and indicate Me group of TMAL and 
above the tangential line B is detennined by integration and is referred to as i(TMAL-Me). Similarly, the area 
under the tangential line B corresponding to Me group of modified methylaluminoxane is determined by inte- 
gration and is referred to as [(modified methylaluminoxane-Me). 

(iv) The areas obtained in (11) and (III) are divided by the numbers of protons of the respective functional groups 
and are then normalized to give the mole fractions of Me(modif led methylaluminoxane), Me(TMAL), iBu(mod- 
ified methylaluminoxane), and IBufTIBAL), respectively. 

[O040] Integration of the peaks can be conveniently performed by using curve fitting or baseline correction. 
[O041] The transitional metal compound that Is used In conjunction with the modified methylaluminoxane preparation 
of the present invention In the preparation of a polymerization catalyst may be any known catalyst for olefin polymer- 
ization. Such transitional metal compounds include those represented by the following general formula (M): 

MR^R^R'^R^ (II) 

wherein M represents a transitional metal element; and R2, R3, r4 and RS together form any organic group having a 
cycloalkadienyl skeleton or are each independently selected from the group consisting of an organic group having a 
cycloalkadienyl skeleton, alkyi group, alkoxy group, aryloxy group, alkylsilyl group, alkylamide group, alkylimide group, 
alkylamino group, alkylimino group, and halogen atom. 

[O042] Specifically, M in the general fomnula (ii) may be titanium, zirconium, hafnium, chromium, vanadium, manga- 
nese, iron, cobalt, nickel, and palladium. Of these, titanium, zirconium, chromium, iron, and nickel are prefen^ed. 
[O043] Preferably, the transitional metal compound in the general formula (II) is a metallocene compound that includes 
one or two ligands with cycloalkadienyl skeleton. Examples of the ligand with cycloalkadienyl skeleton include alkyI- 
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substituted cyclopentadlenyl groups such as cyclopentadienyl group, methylcyclopentadienyl group, ethylcyclopenta- 
dienyl group, butytcyclopentadienyl group, dimethylcyclopentadienyl group, and pentamethylcyclopentadienyi group, 
indenyl group, and fluorenyl group. The cycloalkadienyl groups may be crossiinked with divalent substituted alkylene 
or substituted siiylene. 

[0044] The ligand other than those forming cycloalkadienyl skeleton may be a hydrocarbon group with 1 to 20 carbon 
atoms, alkoxy group, aryloxy group, alkylsllyl group, amino group, imino group, halogen atom or hydrogen atom. Ex- 
amples of the hydrocarbon group having 1 to 20 carbon atoms include alkyi group, cycloalkyi group, aryl group, and 
aralkyi group. Specifically, the alkyI group includes methyl group, ethyl group, propyl group, isopropyl group, and butyl 
group. The cycloalkyi group includes cyclopentyl group and cyclohexyl group. The aryl group Includes phenyl group 
and totyl group. The aralkyi group includes benzyl group. The alkoxy group Includes methoxy group, ethoxy group, 
and butoxy group. The aryloxy group includes phenoxy group. These functional groups may include halogen atoms or 
other substituents. The alkytsilyl group includes trimethylsilyl group and triethylsilyl group. The halogen includes f luo- 
rine, chlorine, bromine and iodine. 

[0045] When M in the general formula (II) represents zirconium, specific examples of the transitional metal compound 
with ligands forming cycloalkadienyl skeleton include 



bis(cyclopentadienyl)zirconlum monochloride monohydride, 
bis(cyclopentadienyl)zirconium monobromide monohydride, 
bis(cyclopentadienyl)methylzirconium hydride, 
bis(cyclopentadienyl)ethylzlrconium hydride, 
bis(cyclopentadienyl)phenylzirconium hydride, 
bis(cyclopentadienyl)benzyizirconium hydride, 
bls{cyclopentadienyl)neopentylzirconlum hydride, 
bis(methylcyclopentadlenyl)zirconium monochloride hydride, 
bis{indenyl)zirconium monochloride hydride, 
bis(cyclopentadienyl)zirconium dichloride, 
bis(cyclopentadienyl)zirconium dibromide, 
bls(cyclopentadienyl)methylzlrconium monochloride, 
bis(cyclopentadienyi)ethylzirconium monochloride, 
bls(cyclopentadienyl)cyclohexylzirconium monochloride, 
bls(cyclopentadienyl)phenyIzirconium monochloride, 
bis(cyclopentadienyl)benzylzirconium monochloride, 
bis(methylcyclopentadienyl)zircon rum dichloride, 

bis(dimethylcyclopentadienyl)zlrconium dichloride, bis(l-butylcyclopentadienyl)zirconlum dichloride, 

bis(indenyl)ztrconium dichloride, bis(indeny])zirconium 

dibromide, bis(cycIopentadienyl)zirconlum dimethyl, 

bis(cyclopentadienyl)zirconium diphenyl, 

bis(cyclopentadienyl)zirconlum dibenzyl, 

bls(cyclopentadienyl)zirconium monomethoxymonochloride, 

bjs(cyclopentadienyl)zirconium monoethoxymonochloride, 

bis(methylcyclopentadienyl)zirconjum monoethoxymonochloride, 

bis(cyclopentadienyi)zirconium monophenoxymonochloride, and 

bis(fluorenyl)zirconium dichloride. 



[0046] When M in the general formula (II) represents zirconium and the transitional metal compound includes at least 
two ligands with cycloalkadienyl skeleton that are joined to one another via a functional group including alkylene group 
such as ethylene and propylene, substituted alkylene group such as isopropylidene and diphenylmethylene, and sub- 
stituted siiylene group such as siiylene and dimethylsilylene, specific examples of the transitional metal compound 
include 



ethylenebis(indenyl)dimethylzirconium, 
ethylenebis(indenyl)dlethylzirconlum, 
elhylenebis(indenyl)diphenylzirconium, 
ethylenebis(indenyl)methylzirconium monochloride, 
ethylenebis(indenyl)ethylzirconium monochloride, 
ethylenebis(jndenyl)methylzirconlum monobromide, 
ethylenebis(indenyl)zirconium dichloride, and 
ethylenebis(indenyl)zirconlum bromide. 
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[0047] When polymerization is to be carried out in a homogenous system, these transitional metal compounds may 
be used either individually or. when it is desired to adjust the molecular weight distribution, in combinations of two or 
more compounds. Also, when solid catalysts are prepared in advance, the transitional metal compounds may be used 
either individually or. when it is desired to adjust the molecular weight distribution, in combinations of two or more 
5 compounds. 

[0048] In the present invention, the fine particle carrier used in the preparation of a solid catalyst is a fine particle of 
inorganic compound sized 5 to 200^m. Examples of the inorganic compound for the fine particle carrier include oxides 
of Si02, AI2O3, MgO, and T1O2, and mixtures thereof, with Si02 being most preferred. Organic compounds with reactive 
sites, such as hydroxyl group, to adsorb aluminoxane may also be used. 
10 [0049] The fine particle carrier for use in the present invention typically includes surface hydroxyl group in an amount 
of 0.1 to 4mmoI/g and preferably in an amount of 1 .0 to 3.0mmol/g. The amount of the surface hydroxyl group can be 
readily determined by, for example, measuring the amount of methane generated when the fine particle carrier is 
exposed to trimethyl aluminum. 

[0050] In the present invention, the amount of the modified methylaluminoxane preparation carried by the fine particle 
'5 carrier can be generally controlled by the amount of surface hydroxyl group. Typically, the amount of the modified 
methylaluminoxane preparation carried by the solid catalyst is in the range of 3 to 10mmol/g and preferably in the 
range of 4 to 8mmot/g. As described above, the amount of surface hydroxyl group is measured by the amount of 
generated methane, which also includes methane generated by the reaction with water, alcohol or other compounds 
with active hydrogen that are adsorbed onto the fine particle carrier. However, as long as the amount of surface hydroxyl 
^0 group as determined by the amount of methane, including methane generated by the reaction with adsorbed water, 
falls within the above-described range, the amount of the modified methylaluminoxane carried by the fine particle carrier 
remains within the range of 3 to lOmmol/g. 

[0051] The amount of the transitional metal compound carried by the particle carrier can be controlled by the shape 
of the particle carrier, the amount of surface hydroxyl group, and the amount of the modified methylaluminoxane prep- 

25 aration carried by the particle carrier. Typically, the amount of the transitional metal compound carried by the solid 
catalyst is in the range of 0.03 to 0.3mmol/g and preferably in the range of 0.05 to 0.15mmol/g, If the amount of the 
transitional metal compound carried by the solid catalyst is smaller than 0.03mmol/g, the polymerization activity per 
Imole of the transitional metal compound tends to become high. Nevertheless, the polymerization activity per unit weight 
of the solid catalyst is significantly lowered, resulting in a reduced productivity of polymer and an Increase in the cost 

30 required for preparing the solid catalyst. In comparison, if the amount of the transitional metal compound carried by 
the solid catalyst is larger than 0.3mmol/g, then the activity per unit weight of the solid catalyst Is reduced, as is the 
polymerization activity per 1 mole of the transitional metal compound. The cause of this phenomenon is believed to be 
that the transitional metal compound, when present on the surface of the particle carrier In excessive amounts, forms 
cluster-tike deposits on the surface of the carrier. This interferes with the effective contact between the transitional 

35 metal compound and the modified methylaluminoxane co-catalyst, thereby leading to a reduced polymerization activity 
per unit weight of the solid catalyst, 

[0052] The solid catalyst for olefin polymerization in accordance with the present Invention can be prepared by bring- 
ing (A) transitional metal compound, (B) modified methylaluminoxane preparation, and solid carrier into contact with 
one another in a proper inert hydrocarbon solvent. While the solid catalyst for olefin polymerization in accordance with 
o the present invention may be prepared using any proper method, it is most preferred to prepare it by first exposing the 
fine particle carrier to the modified methylaluminoxane in a solvent and then exposing the fine particle carrier to the 
transitional metal compound. 

[0053] The olefin polymerization catalyst is typically prepared at temperatures of 0**C to 200**C and preferably at 
temperatures of 30**C to 100**C. 

45 [0054] The transitional metal compound and the modified methylaluminoxane preparation are typically kept in contact 
with the solid carrier for a time period of 0.5 to 10 hours and, preferably, for a time period of 0.5 to 2 hours. 
[0055] Any inert hydrocarbon solvent may be used in the preparation of the olefin polymerization catalyst in accord- 
ance with the present invention. The hydrocarbon includes saturated aliphatic hydrocarbons such as n-pentane, n- 
hexane, n-heptane, n-octane, isooctane, and purified kerosines; cyclic aliphatic hydrocarbons such as cyclopentane, 

50 cyclohexane, methylcyclohexane, ethylcyclohexane, and cycioheptane; and aromatic hydrocarbons such as benzene, 
toluene, ethylbenzene, o-xy!ene, m-xylene, and p-xylene. Of these compounds, n-hexane, n-heptane, n-octane, cy- 
clohexane, methylcyclohexane, and toluene are particularly preferred. 

[0056] The modified methylaluminoxane preparation of the present invention can be used to promote polymerization 
in two different manners: it is used in a homogenous system or in a non-homogenous system in the fomn of catalyst 
55 carried by a carrier. Each manner of polymerization is suited to both the solution polymerization, which involves the 
use of solvents, and the bulk polymerization or the gas phase polymerization, neither of which involves solvents. Each 
of the two manners of polymerization utilizing the modified methylaluminoxane preparation of the present invention is 
also suitable forthe continuous polymerization and the batch polymerization. In each case, hydrogen or other molecular 
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weight-adjusting agents may optionally be used. 

[0057] Various olefin monomers are used either individually or^ for copolymerization, in combinations. Specific ex- 
amples include a-olefins such as ethylene, propylene, 1 -butene. 1 -pentene, 1 -hexene, 1 -decene, 1 -hexadecene, 1 -oc- 
tadecene, and 1-elcosene: halogen-substituted olefins such as difluoroethylene, trifluoroethylene, tetrafluoroethylene, 
and hexafluoropropene; and cyclic olefins such as cyclopentene, cyctohexene. and norbornene. 

Examples 

[0058] The present Invention will now be described in detail with reference to several examples, which are only 
illustrative but not restrictive. In the processes described below, each reaction was carried out in nitrogen atmosphere 
and each solvent was dehydrated before use. Water used was Ion-exchange water. 

Example 1 

(1) Synthesis of modified methylaluminoxane 

[0059] 315.2g (1 .59mol%) triisobutyl aluminum (TIBAL) and 121 9.2g n-hexane were placed in a 5L separable flask 
equipped with a stirrer. To this solution, 20.1 g (1 .llmol) water was added at -5*C. To the resulting reaction mixture, 
183.2g (2.54mol) trimethylaluminium (TMAL) was added and the mixture was heat-aged at 50**C for 1 hour. Subse- 
quently, 36. 7g (2.04mol) water was added at the same temperature. 

[0060] Additional 82. 8g (1 .15mol) TMAL was then added to the reaction mixture, and the mixture was heat-aged at 
SO^'C for the following 1 hour. To the resulting solution, 24.81 g (1 .38mol) water was added at -S^'C and the reaction 
mixture was heat-aged at SO^'C for additional 1 hour. 

[0061] The resulting gel precipitate was removed by a glass filter to obtain an n-hexane solution of modified meth- 
ylaluminoxane. In this solution, the yield as measured on the basis of aluminum atom was 80%. Shown in Table 1 are 
Me/iBu ratio determined by the gas chromatography perfonned on the gas generated upon hydrolysis of the modified 
methylaluminoxane; respective mole fractions of methyl group belonging to unreacted TMAL and modified methylalu- 
minoxane preparation, as determined by ''H-NMR; and respective mole fractions of Isobutyl group belonging to unre- 
acted TIBAL and modified methylaluminoxane preparation, as determined by ^H-NMR. 

(2) Evaluation of ethylene polymerization 

[0062] 250ml toluene placed In a 500ml four-necked flask equipped with a magnetic stirrer was heated to 34**C. To 
the flask, an n-hexane solution of 0.1 6g (as measured on the basis of aluminum atom) modified methylaluminoxane 
was added, followed by the addition of bis (cycolpentadienyl) zirconium dichloride (Cp2ZrCl2) to a molar ratio of Al/Zr 
of 5000. Ethylene gas was then blown into the mixture while the mixture was maintained at 40°C. After 10 minutes, 
the supply of the gas was terminated and methanol was added to inactivate the catalyst. The resultant polyethylene 
was filtered and then dried. The polymerization activity of the product was detenmined to be 69 x 1 oSg-PE/mol-Zr-atm-hr 

Example 2 

(1) Synthesis of modified methylaluminoxane preparation 

[0063] Modified methylaluminoxane was synthesized in the same manner as in Example 1 , except that the second 
addition of water was added in an amount that gives a one-to-one ratio of water to TMAL. The results are shown in 
Table 1. 

(2) Evaluation of ethylene polymerization 

[0064] Evaluation was made In the same manner as in Example 1 . The polymerization activity was detemnined to 
be 58 X loSg-PE/mol Zratm hr. 

Example 3 

(1) Synthesis of modified methylaluminoxane preparation 

[0065] Modified methylaluminoxane was synthesized in the same manner as in Example 1 , except that the amount 
of the second addition of TMAL was 114.6g (1 .59mol). The results are shown In Table 1 . 
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(2) Evaluation of ethylene polymerization 

[0066] Evaluation was made in the same manner as In Example 1 . The polymerization activity was detemriined to 
be 70 X lO^g-PE/mol-Zr-atm-hr. 

5 

Example 4 

(1) Synthesis of modified methylaluminoxane 

10 [0067] 31 5.2g {1 .59mol%) TIBAL and 121 9.2g n-hexane were placed in a 5L separable flask equipped with a stirrer. 
To this solution, 20. 1g (1 .11 mol) water was added at -5**C. To the resulting reaction mixture, 183.2g (2.54mol) TMAL 
was added and the mixture was heat-aged at 50° C for 1 hour. Subsequently, 36. 7g (2.04mol) water was added at the 
same temperature. The gel component was removed from the reaction mixture by a glass filter. 
[0068] 82. 8g (1 .15mol) TMAL was then added to the reaction mixture, and the mixture was heat-aged at 50°C for 

15 the following 1 hour. To the resulting solution, 24.81 g (1 .38moI) water was added at -5°C and the reaction mixture was 
heat-aged at 50**C for additional 1 hour. 

[0069] The resulting gel precipitate was removed by a glass filter to obtain an n-hexane solution of modified meth- 
ylaluminoxane. In this solution, the yield as measured on the basis of aluminum atom was 72%. Shown in Table 1 are 
Me/iBu ratio determined by the gas chromatography performed on the gas generated upon hydrolysis of the modified 
20 methylaluminoxane; respective mole fractions of methyl group belonging to unreacted TMAL and modified methylalu- 
minoxane, as detemnined by 1H-NMR; and respective mole fractions of isobutyi group belonging to unreacted TIBAL 
and modified methylaluminoxane, as determined by ^H-NMR. 

(2) Evaluation of ethylene polymerization 

25 

[0070] Evaluation was made in the same manner as in Example 1 . The polymerization activity was determined to 
be 63 X 106g.PE/mol-2r atm-hr. 

Example 5 

30 

(1) Synthesis of modified methylaluminoxane 

[0071] 315.2g (1 .59mol%) TIBAL and 1219.2g n-hexane were placed in a 5L separable flask equipped with a stinger. 
To this solution, 20. 1g (1 .11 mol) water was added at -S^C. To the resulting reaction mixture, 266g (3.69mol) TMAL was 

35 added and the mixture was heat-aged at SO^'C for 1 hour. Subsequently, 61 .5g (3.42mol) water was added at the same 
temperature, and the mixture was heat-aged at 50°C for additional 1 hour. The resulting gel precipitate was removed 
by a glass filter to obtain an n-hexane solution of modified methylaluminoxane preparation. In this solution, the yield 
as measured on the basis of aluminum atom was 79%. Shown in Table 1 are Me/iBu ratio determined by the gas 
chromatography performed on the gas generated upon hydrolysis of the modified methylaluminoxane preparation; 

'*o respective mole fractions of methyl group belonging to unreacted TMAL and modified methylaluminoxane preparation, 
as determined by ""H-NMR; and respective mole fractions of isobutyi group belonging to unreacted TIBAL and modified 
methylaluminoxane preparation, as determined by ^H-NMR. 

(2) Evaluation of ethylene polymerization 

45 

[0072] Evaluation was made in the same manner as in Example 1 . The polymerization activity was detemilned to 
be 59 X lO^g-PE/mol-Zr-atm-hr. 

Example 6 

50 

(1) Synthesis of modified methylaluminoxane 

[0073] Modified methylaluminoxane was synthesized in the same manner as in Example 1, except that 583.0g 
(1 .59mol) tri-n-octylaluminum was used in place of TIBAL. The results are shown in Table 1 . 

55 

(2) Evaluation of ethylene polymerization 

[0074] Evaluation was made in the same manner as in Example 1 . The polymerization activity was detemnined to 
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be 72 X 10Bg.PE/mo|.Zr.atm-hr. 
Example 7 

5 (1 ) Synthesis of modified methylaluminoxane 

[0075] Modified methylaluminoxane was synthesized in the same manner as in Example 1 , except that toluene was 
used in place of n-hexane solvent and the amount of the second addition of TMAL was 156.3g (2.23mol). The results 
are shown in Table 1 . 

10 

(2) Evaluation of ethylene polymerization 

[0076] Evaluation was made in the same manner as in Example 1 . The polymerization activity was detenmined to 
be 73 X lO^g-PE/mol-Zr-atm-hr. 

15 

Comparative Example 1 

(2) Evaluation of ethylene polymerization 

^0 [0077] Evaluation was made In the same manner as in Example 1 , except that an n-hexane solution of a commercially 
available modified methylaluminoxane was used. Shown In Table 1 are Me/iBu ratio determined by the gas chroma- 
tography performed on the gas generated upon hydrolysis of the commercially available modified methylaluminoxane; 
respective mole fractions of methyl group belonging to unreacted TMAL and modified methylaluminoxane, as deter- 
mined by ''H-NMR; and respective mole fractions of isobutyl group belonging to unreacted TIBAL and modified meth- 

25 ylalumlnoxane, as detemnined by''H-NMR. The polymerization activity was determined to be 37 x lO^g PE/ 
mol-Zr-atm-hr. 

Comparative Example 2 

30 (1) Synthesis of modified methylaluminoxane 

[0078] 449. 1g (1.59mol) tri-n-hexylaluminum (TNHAL) and 1219.2g n-hexane were placed in a 5L separable flask 
equipped with a stirrer. To this solution, 20.1g (1 .11mol) water was added at -S^'C. To the resulting reaction mixture, 
1 83.2g (2.54mol) TMAL was added and the mixture was heat-aged at SO^'C for 1 hour. Subsequently, 36.7g (2.04mol) 

35 water was added at the same temperature. The reaction mixture was heat-aged at SC^C for additional 1 hour. 

[0079] The resulting solid precipitate was removed by a glass filter to obtain a solution of modified methylaluminox- 
ane. In this solution, the yield as measured on the basis of aluminum atom was 75%. Shown in Table 1 are Me/n-Hex 
ratio determined by the gas chromatography perfomried on the gas generated upon hydrolysis of the modified methy- 
laluminoxane; respective mole fractions of methyl group belonging to unreacted TMAL and modified methylaluminox- 

'0 ane, as detemnined by iH-NMR; and respective mole fractions of n-hexyl group belonging to unreacted TNHAL and 
modified methylaluminoxane, as detemiined by ^H-NMR. 

(2) Evaluation of ethylene polymerization 

45 [0080] Evaluation was made in the same manner as in Example 1 . The polymerization activity was detemnined to 
be 7 X 106g.PEyhnol Zr atm hr. 

Comparative Example 3 

50 (2) Evaluation of ethylene polymerization 

[0081] Evaluation of ethylene polymerization was made in the same manner as in Example 1 , except that commer- 
cially available polymethylaluminoxane was used in place of modified methylaluminoxane. The mole fractions of methyl 
group belonging to unreacted TMAL and polymethylaluminoxane as detemnined by ^H-NMR were 47.7mol% (Me 
55 (TMAL)) and 62.3mol% (Me(PMAO)), respectively. The polymerization activity was determined to be 62 x 10®g-PE/ 
mol-Zr-atm-hr. 
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Comparative Example 4 

[0082] Methylaluminoxane component was synthesized in the same manner as in Example 1 2 described in Japanese 
Patent Laid-Open Publication No. 2000-119279: Under nitrogen atmosphere, 40g of a 25% toluene solution of TIBAL 
(O.OSOmol TIBAL) was placed In a completely dried 1 00ml flask replaced with nitrogen. The 1 00ml flask was equipped 
with a magnetic stirrer and a resistance thermometer for measuring the temperature of the reaction mixture. 1 .099g 
(0.061 mol) water was added at a reaction temperature of 0 to 1 0^'C while the mixture was being stirred. Subsequently, 
the reaction mixture was heated to 75**C to cause a viscous gel-like material to fomri. 3.63g (O.OSOmol) TM AL was then 
added to the reaction mixture, and reaction was allowed to proceed at 80^*0 for 1 hour. A gel-like insoluble material 
was formed in the resulting reaction mixture. The aluminum concentration in the supernatant of the reaction mixture 
was 3.51 wt%. The yield as measured on the basis of aluminum atom was determined to be 58.9%. Shown in Table 1 
are Me/iBu ratio determined by the gas chromatography on the gas generated from the resulting supernatant upon 
hydrolysis; respective mole fractions of methyl group belonging to unreacted TMAL and modified methylaluminoxane 
preparation, as determined by ""H-NMR; and respective mole fractions of isobutyl group belonging to unreacted TIBAL 
and modified methylaluminoxane preparation, as determined by "*H-NMR. 

(2) Evaluation of ethylene polymerization 

[0083] Evaluation was made in the same manner as in Example 1 . The polymer was obtained in trace amounts. 
Comparative Example 5 

[0084] Methylaluminoxane component was synthesized in the same manner as in Comparative Example 4, except 
that n-hexane was used as a solvent. The yield of aluminum was determined to be 94.8%. The Me/iBu ratio determined 
by the gas chromatography on the gas generated from the resulting supernatant upon hydrolysis is shown in Table 1 , 
along with the respective mole fractions of methyl group belonging to unreacted TMAL and modified methylaluminoxane 
preparation as determined by ^H-NMR; and respective mole fractions of isobutyl group belonging to unreacted TIBAL 
and modified methylaluminoxane preparation as determined by ^H-NMR. 

(2) Evaluation of ethylene polymerization 

[0085] Evaluation was made in the same manner as in Example 1 . The polymerization activity of the product was 
detemnined to be 8 x 106g-PE/mol Zr-atm-hr. 



Table 1 





Yield (%) 


Me/R 


PE activity 
*10^g/mol- 
Zpatm»hr 


Me(MMAO) 
(mol%) 


MefTMAL) 
(mol%) 


R (MMAO) 
{mol%) 


R (AIR3) 
{mol%) 


Example 1 


80 


4.8 


69 


75.9 


7.0 


13.5 


3.6 


Example 2 


84 


4.7 


58 


70.8 


11.7 


11.5 


6.0 


Example 3 


75 


5.8 


70 


82.0 


2.9 


10.1 


5.0 


Example 4 


72 


5.1 


63 


75.0 


8.5 


13.0 


3.5 


Example 5 


79 


3.6 


55 


70.0 


8.0 


14.8 


7.2 


Example 6 


80 


6.7 


72 


87.0 


3.5 


6.5 


7.0 


Example 7 


88 


13.1 


73 


90.0 


2.9 


5.1 


2.0 


Comparative 
Example 1 


85 


2.7 


37 


58.0 


14.6 


14.7 


12.7 


Comparative 
Example 2 


75 


2.8 


7 


38.5 


28.7 


15.5 


17.4 


Comparative 
Example 3 


58.9 


1.6 


trace 


0 


62.1 


9.2 


28.7 



13 



EP1 352 913 A1 



Table 1 (continued) 



5 




Yield (%) 


Me/R 


PE activity 
*10^g/mol- 
Zr»atm»hr 


Me(MMAO) 
(mol%) 


MefTMAL) 
(mol%) 


R (MMAO) 
(mol%) 


R (A!R3) 
(mol%) 




Comparative 
Example 4 


94.8 


4.2 


8 


10.8 


69.8 


12.9 


6.5 


10 


MMAO: modified methylaluminoxane 

Example 1-5, 7, and Comparative Examples 1, 4, and 5: R = 
Example 6: R = n-octyl group 
Comparative Example 2: R = n-liexyt group 


isobutyl group, 







Example 8 

15 

(2) Preparation of catalyst carried by silica 



[0086] 7g silica (specific surface area = 292m2/g; the amount of surface hydroxyl group = 3.2mmol/g; average particle 
size = 42(jim) and 200ml toluene were placed in a completely dried glass flask replaced with nitrogen to form a sus- 
20 pension. At room temperature, SOmmol modified methylaluminoxane preparation of Example 1 was added dropwise 
to the suspension over 30 minutes. The solution was then heated to 80**C and aged at this temperature for 1 hour. The 
supernatant was removed and the residue was washed with toluene to obtain a solid silica carrying modified methyl- 
aluminoxane. 

[0087] At room temperature, 0.55mmol zirconocene dichloride in toluene was added dropwise to the solid slurry 
25 catalyst obtained above and the mixture was aged at the temperature for 2 hours. Following removal of the supematant, 
the residue was washed with dried toluene to obtain a solid catalyst containing 0.090mmol Zr and 4.95mmol Al per 1 g 

of the catalyst. 

(3) Evaluation of ethylene polymerization 

30 

[0088] 500ml hexane was placed in a 1 000ml autoclave equipped with a magnetic stirrer and the atmosphere In the 
reaction system was replaced with ethylene. The system was then heated to 70°C. O.BQmmol TIBAL and then 20mg 
of the above-prepared solid catalyst were added to the system and polymerization was carried out under ethylene 
pressure of 0.78Mpa for 30 minutes. The resultant polymer was collected by filtration and was then dried at 60°C for 
35 6 hours under reduced pressure to obtain polyethylene. The activity of the catalyst to catalyze polymerization of ethylene 
was determined to be 720kg- PE/moi-Zr-atm hr. Upon polymerization, the polymer was not deposited on the walls of 
the polymerization container or on the blades of the stirrer. 

Example 9 

^0 

(2) Preparation of catalyst carried by silica 

[0089] A solid catalyst was prepared in the same manner as in Example 8, except that the modified methylalumi- 
noxane obtained in Example 2 was used. The solid catalyst contained 0.093mmol Zr and 5.65mmoi Al per 1g of the 
45 catalyst. 

(3) Evaluation of ethylene polymerization 

[0090] Polymerization of ethylene was can-ied out in the same manner as in Example 8, except that the solid catalyst 
50 prepared above was used. The polymerization activity was determined to be 662kg* PE/mol-Zr atm-hr. Upon polymer- 
ization, the polymer was not deposited on the walls of the polymerization container or on the blades of the stirrer. 

Example 10 

55 ( 1 ) Synthesis of modified methylaluminoxane preparation 

[0091] 50.0g (0.26mol) TIBAL and 1200g toluene were placed in a 5L separable flask equipped with a stirrer. At 
-6'C, 1 .4g (0.07mol) water was added dropwise to the solution . 1 80.0g (2.50mol) TMAL was then added to the reaction 
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mixture and the mixture was heat-aged at 50°C for 1 hour. 33. 8g (1.88mol) water was then added to the mixture at 
this temperature. The mixture was subsequently heat-aged at SO^'C for additional 1 hour 

[0092] The resulting solid precipitate was removed by a glass filter to obtain a modified methylaluminoxane solution. 
In this solution, the yield as measured on the basis of aluminum atom was 86%. The Me/iBu ratio detennined by the 
5 gas chromatography performed on the gas generated upon hydrolysis of the modified methylaluminoxane is shown in 
Table 2, along with the respective mole fractions of methyl group belonging to unreacted TMAL and modified methyl- 
aluminoxane preparation as determined by ^H-NMR; and the respective mole fractions of isobutyl group belonging to 
unreacted TIBAL and modified methylaluminoxane preparation as detennined by ^H-NMR. 

10 (2) Preparation of catalyst carried by silica 

[0093] A solid catalyst was prepared in the same manner as in Example 8, except that the modified methylalumi- 
noxane obtained above was used. The solid catalyst contained 0.07mmol Zr and 5.95mmol Al per 1g of the catalyst. 

15 (3) Evaluation of ethylene polymerization 

[0094] Polymerization of ethylene was carried out in the same manner as in Example 8, except that the solid catalyst 
prepared above was used. The polymerization activity was detemfiined to be 770kg-PE/mol-Zratm-hr. Upon polymer- 
ization, the polymer was not deposited on the walls of the polymerization container or on the blades of the stirrer. 

Comparative Example 6 

(2) Preparation of catalyst carried by silica 

25 [0095] A solid catalyst was prepared in the same manner as in Example 8, except that the hexane solution of the 
commercially available modified methylaluminoxane used in Comparative Example 1 was used. The solid catalyst 
contained 0.087mmol Zr and 5.80mmol Al per 1g of the catalyst. 

(3) Evaluation of ethylene polymerization 

30 

[0096] Polymerization of ethylene was carried out in the same manner as in Example 8, except that the solid catalyst 
prepared above was used. The polymerization activity was detennined to be 357kg- PE/mol-Zr-atm-hr. Upon polymer- 
ization, the polymer was not deposited on the walls of the polymerization container or on the blades of the stirrer 

35 Comparative Example 7 

(2) Preparation of catalyst carried by silica 

[0097] A solid catalyst was prepared in the same manner as in Example 8, except that a toluene solution of a com- 
^0 merclally available modified methylaluminoxane was used. The respective mole fractions of methyl group belonging 
to unreacted TMAL and modified methylaluminoxane as determined by ""H-NMR are shown in Table 2, along with the 
respective mole fractions of isobutyl group belonging to unreacted TIBAL and modified methylaluminoxane as deter- 
mined by ^H-NMR. The resultant solid catalyst contained O.OSOmmol Zr and 4.80mmol Al per 1 g of the catalyst. 

45 (3) Evaluation of ethylene polymerization 

[0098] Polymerization of ethylene was carried out in the same manner as in Example 8, except that the solid catalyst 
prepared above was used. The polymerization activity was determined to be 189kg-PE/mol-Zr atm-hr. Upon polymer- 
ization, the polymer was not deposited on the walls of the polymerization container or on the blades of the stirrer. 

50 

Comparative Example 8 

(2) Preparation of catalyst carried by silica 

55 [0099] A solid catalyst was prepared in the same manner as in Example 8, except that the commercially available 
polymethylaluminoxane used in Comparative Example 3 was used. The solid catalyst contained 0.068mmol Zr and 
4.56mmol Al per 1 g of the catalyst. 
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(3) Evaluation of ethylene polymerization 

[01 00] Polymerization of ethylene was carried out In the same manner as in Example 8, except that the solid catalyst 
prepared above was used. The polymerization activity was determined to be 323kg-PE/mol-Zr atm hr. Upon polymer- 
ization, the polymer was not deposited on the walls of the polymerization container or on the blades of the stirrer 

Comparative Example 9 

(2) Preparation of catalyst carried by silica 

[0101] A solid catalyst was prepared in the same manner as in Example 8, except that a concentrated polymethyl- 
aluminoxane was used that was prepared by concentrating the commercially available PMAO used in Comparative 
Example 3 under reduced pressure. The mole fractions of methyl group belonging to unreacted TMAL and polymeth- 
ylalumlnoxane as detennined by ^H-NMR of the concentrated polymethylaluminoxane were 68.7mol% (Me(PMAO)) 
and 31 .3mol% (Me(TMAL)), respectively. The resultant solid catalyst contained 0.084mmol Zr and 5.43mmol Al per 
1 g of the catalyst. 

(3) Evaluation of ethylene polymerization 

[0102] Polymerization of ethylene was earned out In the same manner as in Example 8. except that the solid catalyst 
prepared above was used. The activity of the catalyst to catalyze polymerization of ethylene was determined to be 
492kg PE/mol Zr atm hr. Upon polymerization, the polymer was not deposited on the walls of the polymerization con- 
tainer or on the blades of the stirrer. 



Table 2 





Yield (%) 


Me(MMAO) 

(mol%) 


MefTMAL) 

(mol%) 


iBu(MMAO) 

(mol%) 


IBuCTIBAL) (mol%) 


Example 10 


75 


66.8 


28.0 


1.8 


3.5 


Comparative 
Example 7 


90 


61.7 


5.8 


24.1 


8.4 


MMAO: modif 


led methylaluminoxane 



[0103] The modified methylaluminoxane preparation in accordance with the present invention is advantageous in 
that a large proportion of methyl groups present in the preparation belongs to aluminoxane while the preparation con- 
tains a small proportion of alkyi groups other than methyl groups belonging to aluminoxane. An olefin polymerization 
catalyst prepared in the form of a combination of the modified methylaluminoxane preparation and a transitional metal 
compound stably exhibits a high polymerization activity. 



Claims 

1. An olefin polymerization catalyst In a form of a modified methylaluminoxane preparation prepared from; 

an organoaluminum compound represented by the following general formula (I): 

R'mAIXg., (1) 

wherein R"* represents a straight-chained or branched hydrocarbon group selected from the group consisting 
of alkyI, alkenyl, and aryl groups having 2 to 20 cartDon atoms; X represents a hydrogen atom, halogen atom, 
alkoxy group, or allyloxy group; and 0 < m ^ 3; and 

trimethyl aluminum, wherein a mole fraction of methyl group of the aluminoxane unit with respect to a total 
number of moles of the hydrocaribon group having 2 to 20 carbon atoms and methyl group present in the 
modified methylaluminoxane preparation is 65mol% or greater. 

2. The olefin polymerization catalyst according to claim 1 , wherein the mole fraction of the hydrocarbon group with 
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2 to 20 carbon atoms that belongs to the alumlnoxane unit with respect to the total number of moles of the hydro- 
carbon group with 2 to 20 carbon atoms and methyl group present In the modified methylatuminoxane preparation 
is 15mol% or less. 

5 3. The olefin polymerization catalyst according to claim 1 or 2, wherein the organoaluminum compound of the general 
formula (I) is at least one selected from the group consisting of trilsobutylaluminum, tri-n-hexylaluminum, and trl- 
n-octylaluminum. 

4. The olefin polymerization catalyst, wherein the modified methylaluminoxane according to any one of claims 1 to 
10 3 is used in a solid catalyst serving as the olefin polymerization catalyst, the solid catalyst being fonned from fine 

particle carrier, and a transitional metal compound and the modified methylaluminoxane preparation carried by the 
fine particle carrier. 

5. The olefin polymerization catalyst according to claim 4, wherein the transitional metal compound is a compound 
15 represented by the following general formula (II): 

MR^R^r'^R^ (II) 

wherein M represents a transitional metal element; and R^, R^, r4 and R^ together form any organic group having 
a cycloalkadienyl skeleton or are each independently selected from the group consisting of an organic group having 
a cycloalkadienyl skeleton, atkyi group, alkoxy group, aryloxy group, alkylsilyl group, atkylamide group, alkylimide 
group, alkylamino group, alkylimino group, and halogen atom. 

6. A method for producing the modified methylaluminoxane preparation according to any one of claims 1 to 5, com- 
prising the steps of: 



30 



35 



45 



so 



55 



hydrolyzing the organoaluminum compound represented by the following general formula (I): 

R'a,AIX3.„ (I) 

wherein Ri represents a straight-chained or branched hydrocarbon group selected from the group consisting 

of alky I, alkenyl, and aryl groups having 2 to 20 carbon atoms; X represents a hydrogen atom, halogen atom, 

alkoxy group, or allyloxy group; and 0 < m < 3; 

adding trimethyl aluminum to carry out hydrolysis; and 

repeating the step of adding trimethyl aluminum as many times as necessary. 

7. A method for producing the olefin polymerization catalyst of claim 5, comprising the steps of: 

exposing the fine particle carrier to the modified methyl aluminoxane preparation; and 
subsequently exposing the fine particle carrier to the transitional metal compound. 

8. A method for olefin polymerization making use of either a catalyst system comprising the transitional metal com- 
pound and the modified methylaluminoxane according to any one of claim 1 to 3 or the solid catalyst according to 
claim 5. 
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